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Abstract 
Footprint identification is the measurement of footprint features for recognizing the identity of a user. Footprint is universal, easy 
to capture and does not change across time. The image enhancement is carried out to obtain an accurate image. One of the main 
objectives of any image filter is enhancing the pictorial information of the image. Hence spatial domain techniques are used 
which directly process the pixel array of the given input image. In this paper, we have used various filtering techniques to 
enhance the image. Compare to other techniques proves to be better for accuracy. 
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1. Introduction  
Many exotic methods are being developed in the field of automated biometric based identification. Various 
biometric features help in person recognition. Among various methods of person identification, biometric 
identification such as finger scan or iris scan is the most promising methods now. Likewise, person identification 
using footprint is also an emergency biometric technique. Also footprint recognition is considered to be a unique 
method[1] as it as been evidently proved. Thus, in the aspect of human friendliness footprint based recognition can 
be a promising method. The main problem in automatic personal identification is how to verify the sampled features 
against the registered features with high reliability. The footprint images can be captured either statically or 
dynamically. The static images are captured accurately. In case of dynamic footprints, blurness occurs. The spatial 
filters are used for the enhancement of the image. 
 “Biometric System by Foot Pressure Change Based on Neural Network” proposed by Hong Ye, Syoji 
Kobashi, Yutaka Hata Kazuhiko Taniguchi Kazunari Asari in the year 2009. In this paper, we propose an approach 
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to extract features of center of foot pressure (COP) obtained by a load distribution sensor [1] and apply this method 
to develop a biometrics personal identification system. The experimental result reveals that the proposed 
identification method can achieve an accuracy of 12.0% in FRR (False Rejection Rate) and 1.0% in FAR (False 
Acceptance Rate). 
 
 “Determining Gender of  Walking People Using Multiple Sensors” proposed by Kyoko Sudot, Junji 
Yamatof, Akira Tomonott  in the year 1996 describes a method for determining the gender of walking people using 
multiple sensors[2]. The sensors used in this paper are camera, accelerometer and tactile sensor. The camera 
captures the entropy value of a morphological pattern of the silhouette of a person. The accelerometer recognizes the 
FFT Cepstrum of footsteps. The Tactile Sensor is used to extract the pressure distribution pattern of footprints. The 
drawback of this paper is when noise is contained in the multiple sensors there exists problem in fusing and 
estimating system robustness. As a future work, optimizing the combinations of the features from different sensors 
and their dimensions can be done. 
 “Biometric  User  Identification with Dynamic  Footprint” proposed by Jaesoek Yun , Gregory Abowd , 
Woontack Woo , Jeha Ryu in the year 2007 describes biometric  user  identification   method  based  on  user’s gait. 
Here, the user’s gait pattern are classified as walking pattern and stepping pattern. In this paper the UbiFloorII is 
used as a biometric sensor to measure the dynamic footprints. The dynamic footprint extraction is categorized into 
left footprint(static) and transitional footprint(dynamic). The left footprint extracting software searches the footprints 
received during walking over the UbiFloorII. The transitional footprint extracting software analyses the transitional 
footprints from heel-strike to toe-off in each foot step.  The experimental results show that with the Left footprint  
which  expresses  the  static  shape  of  the  bottom  of  the  user’s  foot  in  the  UbifloorII  is  not  distinctive  
enough. Where as, with the array of   sampled transitional shows 92% [3] of accuracy in recognition  rate. 
 “Smoothing algorithm based on Multi-scale Morphological Reconstrution for Footprint image” proposed 
by Shu Yang, Cai-rong Wang, Xue-ying Wang in the year 2007 describes a  smoothing  algorithm , which uses a 
non-idempotent connected  operator  which  is the criterion  for  multi-scale  filter [4]. The connected operator uses 
the increasing property, which does not give rise to artificial edges in the filtered image. The maximum tree data 
structure is used for implementing the multi-scale morphological adaptive reconstruction filtering for footprint 
image. This method protects the outlines of footprint image. This filtering method not only removes noises in the 
image but also retains the edges in the footprint image. 
 “Toe shape Recognition algorithm based on Fuzzy Neural Networks” proposed by Rong Wang, Fanliang 
Bu, Hua Jin, Lihua Li in the year 2007 describes the geometric characteristic values of the toe image using a toe 
shape description method. The Fuzzy neural networks [5] is used as a toe shape recognition method. The 
experimental results show that the recognizable method  based on Fuzzy Neural Network can give a correct 
recognizable rates of ellipsoidal, triangular, and circular toe shapes are all exceed 90%. It  reflects different toe 
shapes objectively and correctly. The total correct recognizable rate arrives at 92.80%. 
 “Effective feature extraction  by trace transform for insect footprint recognition” proposed by Bok-Suk 
Shin, Eui-Young Cha, Kwang-Baek Kim, Kyoung-Won Cho , Reinhard Klette , Young Woon Woo in the year 2008 
discusses insect footprint recognition[6]. The tunnel devices such as tracking tunnels and inked cards are used to 
scan the binarised insect footprint images. Further the segments of the footprints such as front, mid, and hind foot 
are extracted.  The proposed methods for extraction are segment extraction and feature extraction.The techniques 
used for the segment extraction are morphological method for region growing, improved SOM algorithm for region 
and spot grouping, and segment extraction by an ART2 algorithm. The techniques used for the feature extraction are 
trace transform and extraction of triple features. 
 
 The three main stages of foot print recognition system are image pre-processing, feature extraction and 
template matching.  Image pre-processing deals with normalization and image enhancement.  Image enhancement is 
the process of improving the quality of a digitally stored image by manipulating the image with software.  The aim 
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of an image enhancement technique is to provide a better input for automated image processing techniques.  Here I 
have used spatial domain methods which operate directly on pixels to produce good quality of an image. 
2. Proposed Method  
Footprint recognition research faces several challenges in areas such as identification and illumination changes. 
Two sections have been discussed in this paper, image enhancement and image recognition. Here I’m going to 
explain image enhancement alone. 
Enhancement Method 
Next, the image is captured using the digital camera. The obtained image is been resized using the resizing 
tool. Image enhancement is done using the spatial domain technique . Image processing functions in the spatial 
domain may be represented as  
g(x,y)=T[f(x,y)] 
where f(x,y) is the input image, g(x,y) is the processed image and T is an operator o f, defined over some neigh 
bourhood of (x,y). For neighbourhood about (x,y) take a rectangle or square sub-image area centered at (x,y). The 
center of the sub image is moved from pixcel say at top left corner and applying the operator at each location (x,y) 
to yield g at that location. These sub-images are called mask or filter or window. Basically, a mask is a small 3*3 
two dimensional array in which the values of coefficients determine the nature of the process such as image 
blurring. Enhancement techniques based on this type of approach are called mask processing or spatial domain 
approach. 
In this spatial domain I have used six filters techniques.  
Mean filter: 
Arithmetic mean filter 
This is the simplest of the mean filters. Let xyS  represent the set of co-ordinates in a rectangular subimage window 
of size mxn, centered at point (x,y). 
The arithmetic mean filtering process computes the average value of the computed image g(x,y) in the area defined 
by xyS . 
  
     (1) 
 
 
 
 
Order-statistics filters: 
Order-statistics filters are spatial filters whose response is based on ordering (ranking) the pixels contained in the 
image area encompassed by the filter. The response of the filter at any point is determined by the ranking result. 
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Median filter: 
The best-known order-statistics filter is median filter 
 
 
 
      (2) 
 
 
 
 
 
 
which as its name implies, replaces the value of a pixel by the median of the gray levels in the neighborhood of that 
pixel. 
Median filters are quite popular because, for certain types of random noise they provide excellent noise-reduction 
capabilities, with considerably less blurring than linear smoothing filters of similar size. 
Median filters are particularly effective in the presence of both bipolar and unipolar impulse noise. 
 
Max and min filters 
Maximum filters: 
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This filter is useful for finding the brightest points in an image. Pepper noise has very low values. It is reduced by 
this filter as a result of the max selection process in the sub image area xyS  
 
  
 
      (4) 
 
 
 
This filter is useful for finding the darkest point in an image. It reduces salt noise as a result of the min operation. 
Midpoint filter: 
The midpoint filter computes the midpoint between the maximum and minimum values in the area encompassed by 
the filter. 
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This filter combines order statistics and averaging. This filter works best for randomly distributed noise like 
Gaussian or uniform noise). 
 
Alpha-trimmed mean filter: 
We delete the d/2 lowest and the d/2 highest gray-level values of g(s,t) in the neighbourhood xyS . Let gr(s,t) 
represent the remaining mm-d pixels. 
A filter formed by averaging these remaining pixels is called an alpha trimmed mean filter. 
 
 
  
 
      (6) 
 
 
 
Where the value of d can range from 0 to mn-1, when d=0, the alpha trimmed filter reduces to the arithmetic mean 
filter 
2
)1(mnd  , the filter becomes a median filter. 
 
 
Adaptive filter:  
 
  σ, m based on x,y value find out mean and variance 
 
  
  
     (7)
  
 
 
g(x,y) degraded image  which is affected by noise) 
2
n = variance of noise present in entire image 
Lm  = local mean of the pixel 
2
L = local variance of the pixels  
Lm , 
2
L are different for different image. 
it gives different f(x,y) value, so this filter is called adaptive filter takes the values. 
Mean values is always less than the g(x,y) if 
2
L < 
2
n there is a possibility of negative the gray level so to avoid 
it even if 
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2
n < 
2
L put 
2
n = 
2
L  
 
 
 
 
         
 (8) 
 
                 
                    
 = g(x,y) – g(x,y) + Lm , 
                    = Lm , (mean filter) It always good filter 
3. Result and Discussion 
The enhancement footprint image has been shown in the Fig 1-3.  
 
 
 
 
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Select the Footprint Image 
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Fig. 2. Enhanced footprint image( noisy image, median filter, basic filter) 
 
 
1079V.D. Ambeth Kumar and M. Ramakrishnan / Procedia Engineering 30 (2012) 1072 – 1080 V.D.Ambeth Kumar&M.Ramakrishnan/ Procedia Engineering 00 (2011) 000–000 
1114 
 
Fig. 3. Enhanced footprint image ( weiner filter, predefined 2D filter, 2D order statistic filter) 
 
  The six filters techniques are given in the tabular format as well as shown in the Table.1 and Fig 4 
Table 1. Denoise Level 
Name of Filter Denoise 
Level 
Median Filter +9.29db 
Basic Filter +8.65db 
Weiner Filter +9.81db 
Predefined 2D Filter +9.01db 
  
2D Order Statistic Filter +6.08db 
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Fig. 4. Comparison of Denoise Level in Various Filter Technique 
 
From the above graph we find that weiner filter gives the highest accuracy among all other filtering 
techniques. This technique is used for further processing. 
4. Conclusion  
The image enhancement is carried out using the weiner filter techniques and the enhanced image is used to 
extract to the Centre of foot pressure (COP) value which can be used as a key element for biometric personal 
identification. These COP values are trained into the neural network for future comparison. The visual 
representation of the COP value is the Histogram. 
From the given input image, the Center of foot pressure is extracted after image enhancement. In future these 
COP values can be trained into the neural network and stored as templates in the database. These templates can be 
used for the recognition of the legitimate user and the matching algorithm can be used for the comparison between 
the legitimate and non-legitimate user. 
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